Carbon offsets are produced and sold under the international climate change regime (the United Nations Kyoto Protocol) and also within an expanding voluntary offset market in which companies and individuals can voluntarily opt to compensate for their greenhouse gas emissions. The volume of carbon produced and consumed within compliance and voluntary markets has grown dramatically in the last five years, raising a number of governance challenges. This Focus Article gives an overview of the governance of the compliance and voluntary carbon offset markets, and considers the implications of their different governance structures for addressing climate change. It assesses recent changes in the governance of the voluntary carbon offset market in response to concerns about the credibility and robustness of voluntary carbon offsets. Several voluntary offset standards were launched in 2007-09, including the Voluntary Carbon Standard and the Gold Standard. National governments have also taken regulatory action on voluntary offsets, notably the UK government who took the controversial decision in early 2009 to endorse only compliance carbon offsets for use in the UK voluntary market. The UK government's attempt to regulate the voluntary offset market provides a useful case through which to explore some of the inherent tensions in effectively governing the carbon offset market.
Governing the compliance and voluntary carbon offset markets
The two main types of global carbon offset market currently in operation are the Clean Development Mechanism (CDM) 1 -a regulated or compliance market, established by the Kyoto Protocol -and the voluntary offset market, an informal or 'parallel' market currently governed by a mix of non-governmental and private sector organisations. In conducting an assessment of the governance of carbon offset markets, it is instructive to consider separately the two types of market, as they are regulated in different ways (for a detailed overview of the history of the compliance and voluntary carbon offset markets see Advanced Review (13.5.2.)). Governancedistinct from 'government' and 'governing' -refers here to broad processes of framing and managing the production and consumption of carbon offsets, with close attention to how power and authority are exercised by a range of different actors, both state and non-state, to realize their objectives and interests. Governance of carbon offset markets is important for several reasons, including: addressing ethical concerns about climate fraud [1] and sustainable development [2] ; corporate requirements for a robust, transparent system to guarantee and support carbon disclosure and emission allowance reporting [3] ; and meeting the overall objective of carbon markets to efficiently and effectively reduce atmospheric greenhouse gas emissions. A carbon offset allows emission reduction targets to be met in one location by purchasing emission reductions from a climate mitigation project based elsewhere (and so relies on the uniform global mixing of greenhouse gases in the atmosphere). Carbon offsets are a sub-set of a broader category -carbon credits -which includes emission allowances as well as project-based offsets. Emission allowances produced in socalled 'cap and trade' systems (most notably the European Emission Trading System (EU ETS)) whereby companies or factories have an overall cap on their emission reductions, and can buy and sell allowances to meet it. This Focus Article discusses project-based carbon offsets only.
The two main types of carbon offset -compliance (CDM) and voluntary -are introduced separately below, before turning to consider the governance of the voluntary offset market in more depth. It is worth emphasizing, however, that the two offset markets -voluntary and compliance -are interlinked: they co-evolved from a common base in the early 1990s; a growing number of carbon offset organisations produce and retail both types of offset; and credits from 'failed' or delayed compliance offset projects are commonly sold in the voluntary market. Conceptually they share two key governance challenges: first, how to produce robust, credible carbon offsets that equate to real atmospheric emission reductions, and, second, how communicate to and reassure consumers of offsets that this is indeed the case.
The Clean Development Mechanism (CDM)
The CDM, established under the 1997 Kyoto Protocol, is primarily governed under The United Nations Framework Convention on Climate Change (UNFCCC). The UNFCCC incorporates several different committees and levels of administration, the most important of which to carbon offset governance is the CDM Executive Board (and associated UN committees and working groups such as the CDM Methodology Panel, Accreditation Panel, and small scale working group). In practice key governance roles are also played by corporations (verifiers, project originators) and non-governmental organisations. The CDM has mechanisms to define credits strictly and establish standards of quality through project methodologies. This is typically a lengthy and complex process, with each project having to go through several stages (project design, methodology approval, validation, registration and verification) before a CDM offset, termed a Certified Emission Reduction (CER) is finally issued, taking an average of over 500 days from validation to registration [4] . A set of governance concerns has been raised in the compliance offset market regarding the large amount of regulation involved in establishing and verifying emission reduction projects and the time and resource implications for the organisations involved, socalled 'CDM bureaucracy' [5] .
There are also legal documents to register each CDM greenhouse gas reduction project which enable the buying and selling of credits. All CDM projects must be registered through the CDM Executive Board, and carbon finance is typically channeled through private-sector or World Bank carbon funds, which then finance offset projects in the developing world [6] . For a country to be involved with the CDM (either as a host country, or purchaser of credits) it must be a signatory to the Kyoto Protocol. Developing (host) countries are required to designate a state institution (a 'Designated National Authority' (DNA)) that certifies in writing that a CDM project "assists in achieving sustainable development" under UNFCCC treaty requirements [7] . Once the offset project is operational the carbon credits (termed Certified Emission Reductions (CERs)) are then listed in the International Transaction Log (ITL) hosted by the UNFCCC. Developed (Kyoto Protocol Annex I) governments can then use the credits from projects they have invested in as compliance with emissions reductions under the Kyoto Protocol. The ITL aims to provide a transparent and efficient mechanism to trade and account for CERs, and it is a good illustration of the intricate international regulations that have been established in an attempt to ensure robust and transparent governance in the compliance offset market [6] .
The voluntary offset market
In contrast to the centralized and bureaucratic offset approval process in the CDM, offset production in the voluntary market is considerably more diverse and flexible. Table One ). In light of concerns about the degree to which compliance offsetting adequately addresses wider sustainable development issues in the Global South [2] , an important additional feature of voluntary carbon offsets compared with compliance offsets produced via the CDM are their sustainable development and poverty-alleviation 'side benefits' [8] .
The first voluntary offset organisations were established in the mid to late 1990s and were typically focused on forestry offsets (such as Climate Care and The Carbon Neutral Company (formerly known as Future Forests Ltd.)). Until the year 2005 there were just a handful of voluntary offset organizations producing and retailing carbon credits world-wide, but since then the sector has boomed. There are now hundreds of companies and non-governmental organisations that produce and sell carbon credits in a variety of ways to individual consumers and companies which are currently outside state-based emissions-reduction regulation. Despite the recession the voluntary market has remained relatively buoyant: in 2008 123 million metric tonnes of carbon was transacted in global voluntary carbon markets, representing an 87% growth on 2007 volumes [9] . However, this growth must be viewed in the context of changes in the compliance market (in particular increasingly rigorous CDM approval which has boosted the number of CDM 'pre-compliance' credits reaching the voluntary market, because a large number of CDM offset projects are being held up or rejected), as well as anticipated climate change regulation (e.g. in the US, leading to increased purchasing of voluntary offsets on the expectation that they will be converted in time into compliance offsets).
Unlike offset organisations working within the tightly-regulated structure imposed by the UNFCCC and the CDM, voluntary offset organisations can use a range of approaches and governance practices to source projects and generate carbon credits. Often described as a 'parallel market', voluntary offset projects tend to be smaller, have a greater sustainable development focus (often described as social or community 'side-benefits'), and are typically located in countries not active in the CDM (e.g. the non-Kyoto signatory the United States (produces 28% of voluntary offsets) and Middle Eastern countries (15%), as well as in Asia (45%) -see Figure 1a ). By comparison the large majority of CDM offsets originate from China (84%); a country that dominates the compliance market (see Figure 1b ).
An additional argument commonly put forward by voluntary market supporters is that the voluntary market has lower transaction costs than the CDM. This is seen as an advantage in that it allows more greenhouse gas emission reductions for an equivalent price compared with the CDM. However, the issue actually pertains to the rigorousness of the offset production process: it follows that the more rigorous the rules and regulations are for offset production (e.g. in the CDM), then the higher the price fetched by the offset, because the product comes with a higher guarantee of its value. 
Governing carbon offsets: insights from voluntary market standards
The remainder of this short Focus Article concentrates on recent developments in the governance of the voluntary offset market. The fast moving changes in voluntary offset standards in the period 2007-09 provide a useful illustration of issues central to the governance of carbon offset markets as a whole. Moreover, voluntary market actors have deliberately positioned the voluntary market as countering some of the problems experienced in governing the CDM -in particular too much bureaucracy (leading to slow decision-making and project approval), and insufficient attention to sustainable development issues -thereby demonstrating how the two markets are closely interlinked.
The diversity of the voluntary offset market (both in terms of type of institutions involved, and types of project) is evident in the large number of active voluntary offset standards (seventeen in 2008, see [9] ) (see Table One and Figure Three) . The voluntary offset standards provide criteria against which an offset project must be assessed, and are mostly modeled on the CDM. Typical voluntary offset standard rules and regulations are about: additionality (whether an offset project would have happened anyway), the offset approval process (registries, verification, use of 3 rd party auditors etc.), the type of project allowed (e.g. whether to include industrial gas projects, forestry and so on), and sustainable development 'co-benefits' (such as job creation, improved local air quality etc., benefits that go beyond the project's greenhouse gas reductions). [12] , and the use of child labour to produce credits [13] .
Conceptually the development of voluntary standards can be seen as an attempt at industry 'self-regulation' where companies work together to set quality standards in order to respond to consumer and media concerns and avoid, anticipate and steer government rules to stabilise neoliberal environmental markets [14] . Organisations in the voluntary offset market have a delicate balance to set between enhancing the credibility of voluntary offsets, and yet maintaining certain advantages of the voluntary offset production process, such as the speed of greenhouse gas emission reductions, an ability to experiment with new emission reduction methods, and the inclusion of sustainable development co-benefits. A key governance challenge in developing voluntary offset standards has been the relative weighting given to sustainable development issues versus emission reductions. There have been ongoing concerns about the degree to which compliance offsetting adequately addresses wider sustainable development issues in the Global South, and partly as a response to this an important additional feature of voluntary carbon offsets compared with compliance offsets produced via the CDM are their sustainable development and poverty-alleviation 'side benefits' [2, 8] . It is notable, however, that the Voluntary Carbon Standard -the current market leader, -ultimately decided to focus just on the carbon emission reduction aspects of voluntary offset production, because of the difficulties in verifying the diverse and hard-to-measure sustainability benefits arising from voluntary offset projects (see Opinion Article (13.1.7)).
A second tension in the development of voluntary carbon standards has been in balancing demands for stricter criteria and audit of voluntary offsetting against the benefits of relative speed and low-cost establishment of voluntary offset projects (which has tended to encourage the inclusion of smaller community-based projects, and also yields a quicker emission reduction benefit to the atmosphere). The voluntary offset market offers some advantages in this respect, because audit procedures have to date not been so onerous. The rigour of carbon offset audit and verification procedures was one of the key issues to emerge from the UK government's intervention in the voluntary offset market, in the form of a 2009 Quality Assurance Scheme for offset providers, discussed below.
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Case study: UK government regulation of voluntary carbon offsets (2007-09)
The UK government took the controversial decision in early 2009 to accredit only compliance (Kyoto-based) carbon offsets under its new Quality Assurance Scheme (QAS) for Carbon Offsetting. Exploring the issues raised by this decision provides a good illustration of the most pertinent governance issues currently under consideration across both voluntary and compliance carbon offset markets. The QAS case study illustrates the delicate balance to be struck in developing more rigorous governance structures for the voluntary market without damaging its benefits. It is also an example of how a public authority -the UK government -has attempted reassert its power in the largely NGO and privately-governed voluntary offset market, through establishing new rules and regulations in response to concerns that practices of voluntary offsetting were becoming detrimental to the carbon offset market as a whole.
The QAS is a UK Government-led initiative, managed by a private-sector contractor, AEA Group Plc, and with input from an Advisory Forum (including corporate and NGO members). It is aimed at providing voluntary offset consumers with better information and assurance about what they are purchasing, and involves use of a quality kitemark that demonstrates the offsets have met QAS requirements and procedures [15] . Offset providers are free to choose whether to apply for the QAS kitemark or not; it is not mandatory (and indeed only a few have done so, see below). 2007) . The net effect of this for UK offset organizations is that initiatives led by non-state actors have been equally as important as the QAS in prompting the development of voluntary offsets standards, including from the media, the financial sector and corporate clients. In other words, different types of authoritypublic and private -are intricately mixed from the perspective of offset organizations, and they negotiate through and operate within these hybrid fast-changing governance networks.
Conclusion
In conclusion, this brief Focus Article provides some insights into why the governance of carbon offsets is important, the key issues at stake, and how we might best understand voluntary and compliance offset governance challenges. Carbon offsets are produced within two separate, although inter-linked, markets: voluntary and compliance. These two markets do however share common governance issues, for instance in balancing bureaucracy with speed and transparency in the production of offsets. Indeed, the compliance and voluntary markets have evolved over time in parallel, and leading organisations in the voluntary market have deliberately positioned the voluntary market as able to counteract some of the perceived failings of the CDM. These are complex, intricate governance debates -for instance regarding methodologies for measuring and producing carbon credits -that often appear to be dissociated from the problem of climate change itself. It is important though that connections are maintained, particularly looking forward to the future when climate change is likely to manifest more clearly, and, for example, attention might increasingly be directed towards offset projects that meet standards for climate change adaptation as well as sustainable development.
Notes
1 Note that the Kyoto Protocol also includes a secondary, smaller carbon offset market called 'Joint Implementation' (JI), which allows emission reduction projects to be initiated and hosted by Annex 1 partner countries, producing credits called Emission Reduction Units (ERUs) is not discussed here.
